Objective-Our study describes the 2014 Chikungunya outbreak in Western Jamaica in terms of geographic distribution and trend of the outbreak over time, and evaluates clinical symptoms of the disease based on pre-existing conditions.
Introduction
Chikungunya virus (CHIKV) is a mosquito-borne virus that causes a febrile illness. The disease usually appears with high temperature, rash, debilitating arthralgia, and other flu-like symptoms, such as headache and fatigue. 1 However, ~3%-28% of people infected with CHIKV will be asymptomatic. The incubation period for those who develop symptomatic illness is typically 3-7 days (range, 1-12 days). 2 People who were not previously infected with CHIKV (naïve individuals) are at risk of contracting the infection and developing clinical disease. 2 The attack rates in communities in prior epidemics before the new epidemic in the Caribbean ranged from 38% to 63%. 2 Although most cases of CHIKV are not life threatening (case fatality rate from 0.1% to 5%), the chronic arthritis that results from the infection poses a significant economic and public health burden. 3 CHIKV was first discovered in 1952 in Tanzania. 1 The virus is transmitted from human to human by Aedes mosquitoes with the two most common species being Aedes aegypti and Aedes albopictus. These two species can also transmit other mosquito-borne viruses, such as dengue and Zika. 1, 4 Humans are the main CHIKV reservoirs during epidemics. During interepidemic periods, other vertebrates such as non-human primates, rodents, birds, and some small mammals have been considered as potential reservoirs. 2, 5 There are three CHIKV genotypes: West African, East-Central-South African or Indian Ocean lineage (IOL), and Asian. 6, 7 These genotypes represent the evolution and geographic distribution of the virus over the years. There is a relationship between the virus genotypes and the vectors. While the Asian lineage is mostly transmitted via A. aegypti, the IOL can efficiently use both A. aegypti and A. albopictus due to an adaptive mutation. 6, 8 A. albopictus can survive in cold weather and is generally more adapted to rural habitats than A. aegypti; therefore, CHIKV strains which adapted to A. albopictus can cause outbreaks in temperate regions such as Italy. 9 According to the Centers for Disease Control and Prevention (CDC), before 2013, CHIKV outbreaks had been identified in many countries in Africa, Asia, Europe, and the Indian and Pacific Oceans. The disease used to occur at a low level in Africa for many years but in 1999-2000, a large outbreak occurred in the Democratic Republic of the Congo, and in 2007, an outbreak occurred in Gabon. 1 CHIKV subsequently spread to India, starting with a major outbreak in islands of the Indian Ocean with a significant number of imported cases in Europe. 1 In 2006-2007, a large outbreak of CHIKV occurred in India. 1 Some other countries in SouthEast Asia such as Malaysia, Singapore, and Thailand were also affected. 1 Since 2005, there have been >1.9 million cases of CHIKV reported in India, Indonesia, Maldives, Myanmar, and Thailand. 1 In late 2013, the first local transmission of CHIKV in the Americas was identified in Caribbean countries and territories. 1 In December 2013, two laboratory-confirmed autochthonous cases were reported in the Caribbean island of St. Martin. 1 Since then, local transmission has occurred in over 43 countries of the Americas and has become the first outbreak of Chikungunya with autochthonous transmission in the Americas. 1 As of April 2015, over 1,379,788 suspected cases of Chikungunya have been recorded in the Caribbean islands, Latin American countries, and the United States of America with 191 deaths. 1 One of many concerns regarding this new epidemic in the Caribbean and Latin America is that CHIKV has been rapidly spreading through autochthonous transmission due to a high prevalence of A. aegypti mosquitoes in the area. 7, 10 Another problem is that most of the Caribbean and Latin American people presumably have no immunity to the virus, and diagnosis capabilities in the region are quite limited. 6 Currently, there is no specific treatment or commercial vaccine for CHIKV; therefore, it is important for public health officials to conduct surveillance of the epidemic as well as to develop plans to control current and future outbreaks. 4, 11 In this study, we describe the CHIKV epidemic in the western region of Jamaica, one of the countries in the Caribbean that was declared a state of emergency for CHIKV in 2014. 12 We describe the outbreak in terms of geographic distribution and disease trend over time as well as assess the clinical symptoms and number of symptoms across age groups. We also evaluated the severity of Chikungunya disease in terms of the presence of specific CHIKV symptoms in patients with pre-existing conditions (cardiovascular disease [CVD] , arthritis, and diabetes) compared with those without pre-existing conditions.
Methods

Data collection
This is a retrospective cross-sectional study of clinically suspected Chikungunya fever cases without serological confirmation from the Western Regional Health Authority (WRHA) of Jamaica during July 2014 to December 2014. The WRHA, one of Jamaica's four regional health authorities, serves >472,000 people at 84 health care centers and 4 hospitals in the four parishes of Western Jamaica, namely, Hanover, St. James, Trelawny, and Westmoreland. Ethical approval for the study was provided by the Institutional Review Board (IRB) of the University of Alabama at Birmingham and the WRHA. A waiver of patient consent was requested and granted by the review boards. The human resource and expense that would have been required for patient consent was prohibitive and would have prevented the Ministry of Health from obtaining crucial data in understanding the outbreak, and in planning for ongoing CHIKV transmission and future outbreaks in the country. Strict precautions were taken to maintain confidentiality, and identification numbers instead of patient names were placed on the survey instruments.
CHIKV is a Class I notifiable disease and must be reported to the Ministry of Health by public and private health facilities in Jamaica. Once a clinician sees a person with suspected CHIKV fever, notification of the patient information is sent to the local health department using a specific form. The local health department then assigns a Public Health Nurse and Public Health Inspector to investigate the case. The completed investigation forms are then submitted to the Ministry of Health for final classification.
For this study, patient records were obtained from the Epidemiology Unit at the WRHA and reviewed to collect limited sociodemographic information (age, sex, and address) and clinical data, including pre-existing clinical conditions.
Inclusion criteria
Individuals residing in any of the 4 parishes served by the WRHA who were seen at a public or private health facility (with or without being hospitalized) between July 2014 and December 2014, and who met the standard clinical case definition of CHIKV fever were included in the study.
The Jamaican Ministry of Health (MoH) used the World Health Organization, South-East Asia Region case definition of Chikungunya fever (patient with acute onset of fever >38.5°C and severe arthralgia or arthritis not explained by other medical conditions) as their clinical case definition. 13 The MoH first confirmed that there was a CHIKV outbreak on the island, thereby meeting the epidemiological criteria. Once the outbreak was confirmed, the MoH concentrated on using the limited resources available to ramp-up hospital and clinical services to care for patients and to put measures in place to control infection transmission. Therefore, further laboratory testing post-outbreak confirmation was not done. However, the strict clinical definition of CHIKV cases was adhered to by clinical personnel.
Description of variables
Exposures of interest are pre-existing conditions and demographic factors, including age and sex. Pre-existing conditions such as CVD, diabetes, and arthritis were categorized as "yes" for having the condition and "no" for not having it. This clinical information was extracted from medical records. Age was categorized into five groups: <2, 2-<15, 15-<45, 45-<65, and ≥65 years according to the provisional guideline on standard international age classification for general purpose, under the World Health Organization section. 14 However, the first group was adjusted from <1 to <2 years of age to increase the sample size of this group. Sex was dichotomized as male or female.
The outcomes of interest are symptoms (fever, arthralgia, headache, skin manifestation, asthenia, myalgia, back pain, nausea, vomiting, and periarticular edema [swollen joints]) and number of symptoms. This clinical information was extracted from medical records. Each symptom was categorized as "yes" for having the symptom and "no" for not having it. Number of symptoms was calculated and divided into five groups: 1-2 symptoms, 3-4 symptoms, 5-6 symptoms, 7-8 symptoms, and 9-10 symptoms.
Other demographic information such as parish (Hanover, St. James, Trelawny, and Westmoreland), type of health facility (hospital, clinic, and private practitioner), and hospitalization were treated as categorical variables. This information was obtained from the CHIKV investigation form.
Data analysis
Cases of CHIKV by date of review were used to plot an epidemic curve that shows the distribution of the disease over time. As the date of onset of illness was not recorded, the dates when cases were reviewed by health professionals at medical facilities (date of review) were considered as date of disease onset. Since most persons in Jamaica who experience a condition exhibiting signs and symptoms seek health care within 2-3 days of onset, the date of reporting would be ~2-3 days post-onset and should not affect our results much.
Address of each patient was placed on a map using the open-source geographic information system QGIS and the web mapping MangoMap. A graph for number of cases in each parish was also made using Microsoft Excel.
Descriptive analysis was performed for sociodemographic factors (age, sex, parish, type of health facility) and clinical symptoms by calculating number and percentage of cases. Symptoms and number of symptoms were examined across age groups and are also presented as number and percentage of cases. p values were obtained by using chi-square or Fisher's exact test (in case 25% of the cells were <5). Statistical analyses were performed using SAS 9.4 software.
The likelihood of having a specific symptom (fever, arthralgia, headache, skin manifestation, asthenia, myalgia, back pain, nausea, vomiting, and periarticular edema) among those with a particular pre-existing condition (CVD, diabetes, and arthritis) compared with those without the pre-existing condition was determined by calculating the odds ratio and 95% confidence interval. The dependent variable is symptoms and the independent variable is pre-existing condition. There are three models for each symptom corresponding to three pre-existing conditions. Adjusted odds ratios were calculated by adjusting for age, sex, and other preexisting conditions (those having CVD were adjusted for diabetes and arthritis, those having diabetes were adjusted for CVD and arthritis, and those having arthritis were adjusted for CVD and diabetes).
Results
Outbreak description
During the studied period, from July 2014 to December 2014, a total of 609 clinical suspected CHIKV cases were identified in the four parishes of Western Jamaica: Hanover, St. James, Westmoreland, and Trelawny. The first case was reported on July 13, 2014, at the Trelawny Health Department. Nearly 1 month later, two new cases were identified in St. James on August 11 and August 12. After that, the number of cases gradually increased and peaked on October 30, 2014, with 39 cases. The epidemic then slowly declined until the end of December (Figure 1 ).
Among the four parishes, St. James and Hanover had the highest number of cases with 264 cases and 220 cases, respectively. These numbers account for ~80% of all cases of CHIKV in the area. As shown in Figure 2 , cases were mostly found around the Montego Bay area, the capital city of St. James. Lucea, the capital city of Hanover, and Savanna-la-mar, the capital city of Westmoreland, also had many cases. However, only ~70% of all the addresses of CHIKV cases could be identified and mapped (red dots in Figure 2 ), the remaining addresses could not be found by QGIS. Figure 3 shows the percent breakdown of CHIKV cases by parish. 
Sociodemographic and clinical characteristics of cases
CHIKV affected people in different age groups and both sexes. The most common symptoms of CHIKV cases were fever and arthralgia. Table 1 demonstrates that 100% of patients had fever and 94.2% had arthralgia. The available data showed that arthralgia involved joint pain in the hand, wrist, foot, ankle, elbow, knee, and hip, and occurred on both left and right sides. The other symptoms appeared in ~50% or less of the cases. These include headache (52.1%), skin manifestation (40.3%), asthenia (40.0%), myalgia (33.5%), back pain (31.4%), and nausea (16.9%). Periarticular edema occurred in only 1.2% of cases. We also noticed that there were some differences in the frequency of several symptoms between male and female such as skin manifestation and periarticular edema with higher number of cases among females compared with males (46.7% vs. 29.7% and 14.6% vs. 5.5%, respectively).
Regarding pre-existing conditions of CHIKV cases, 43 cases (8.3%) had CVD, 33 cases (6.2%) had diabetes, and 185 cases (34.3%) had arthritis. Some of these cases had multiple pre-existing conditions: 10 cases had both CVD and diabetes, 9 cases had both diabetes and arthritis, 11 cases had CVD and arthritis, and 5 cases had all three conditions. Twenty-one female patients (5.5%) were pregnant. Compared with males, females had a higher number of cases with pre-existing conditions, especially CVD (10% vs 4.8%) and diabetes (7.7% vs.
3.3%).
Frequency and percentage of CHIKV symptoms across age groups are presented in Table 2 . Back pain occurred more in the older groups (≥15 years old) with ~40% compared with the younger age groups (<2 and 2-<15) with ~10%. Table 2 also shows higher numbers and percentages of CHIKV symptoms such as headache (60.36%) and skin manifestation (51.08%) among patients aged 15-<45 years compared with other age groups.
Number of cases was also calculated and presented across age group, sex, parish, type of health care, and hospitalization status (Table 3 ). In general, most cases had 3-4 symptoms (42.36%). There were 18.72% of cases having up to 2 symptoms, 27.26% of cases had 5-6 symptoms, 9.36% had 7-8 symptoms, and 2.3 % had 9-10 symptoms. The infant group had the highest percentage of cases with only 1-2 symptoms (44.4%), and over 80% of cases in the infant group had 1-4 symptoms. The majority of cases in the other groups had 3 to 6 symptoms. Those who were hospitalized were two fold higher in percentage of having 9-10 symptoms compared with non-hospitalized patients. No significant differences in number of symptoms were identified among parishes and type of healthcare facility.
Association between pre-existing conditions and clinical symptoms Table 4 shows the likelihood of having CHIKV symptoms according to pre-existing conditions before and after adjusting for age, sex, and other pre-existing conditions. For those with CVD and diabetes, the likelihood of having a specific symptom did not differ much compared with those without CVD and diabetes, except for back pain (OR=2.5 and 2.3, respectively) and periarticular edema (OR=2.5 and 2.7, respectively). There were significant associations of age with back pain and periarticular edema ( Table 2) . Back pain occurred more frequently in the older age group (>15 years) compared with the younger group (≤15 years) nearly four times (Table 2 ). In fact, according to Table 4 , back pain occurred more frequently in the older group (>15 years) compared with the younger group (≤15 years) with nearly four times. Also, percentage of periarticular edema was found to be higher in patients aged from 15 to 65 years (Table 2 ) and female patients (Table 1) .
In contrast to CVD and diabetes, those with arthritis as a pre-existing condition, were more likely to have many CHIKV symptoms after adjusting for age, sex, CVD, and diabetes. 
Discussion
The first CHIKV case in the WRHA was identified on July 13, 2014, in the Trelawny Health Department, but it seems that the autochthonous transmission had not started until the second and third cases were found on August 11 and 12 in St. James. The epidemic curve with successively taller peaks initially separated by one incubation period clearly demonstrated a propagated spread of the disease with newly infected people serving as a source for vector transmission to others. 15 Around the end of October, the Jamaica government declared a national emergency for CHIKV outbreak in an effort to control the disease. It was considered as a step toward ensuring that people would take this particular situation seriously and would work together to combat the outbreak. As a result, the epidemic decreased gradually and ended in December.
The principal vector responsible for the transmission of CHIKV in the Caribbean is the A. aegypti which is found mostly in urban areas. 16 That may explain why a majority of CHIKV cases reported in our study were around Montego Bay area, the capital city of St. James, which has the largest population in Western Jamaica. According to the census in 2011, the population of Montego Bay ranked fourth in the country with 110,115 people, after Kingston, Spanish Town, and Portmore. In fact, population growth has led to issues such as massive unplanned, uncontrolled urbanization in many cities and deteriorating housing, water and sewage waste management systems. These in turn create ideal conditions for the transmission of mosquito borne diseases. 17 The difference in the distribution of the disease among parishes may also come from the effectiveness of public health control programs and other factors such as agricultural practices in the parishes.
CHIKV infected both males and females and across age groups. The much higher percentage of cases observed for females (62%) than for males (38%) in our study does not reflect the female to male ratio in the Jamaican population or in the western region of Jamaica where the study was conducted. The most recent Jamaican census data reported a total of 472,611 people living in the western region, and this total was almost evenly divided between males and females (50.2% males and 49.8% females). 18 The higher percentage of cases among females may be due to higher levels of exposure to infected vectors in the home environment since females spend more time at home and the mosquitoes are commonly found indoors. 19 According to the global information society watch, a majority of household workers in Jamaica are women. 20 Also, the rate of unemployment among women was nearly double the rate of unemployment among men (16.8% for women compared with 9.5% for men, 2011). 20 The differences in rate of infection among the sexes may also be due to poor health-seeking behavior among males in Jamaica. 21 A CHIKV outbreak study conducted in the USA Virgin Islands reported very similar finding to ours, in that, 60% of laboratorypositive CHIKV cases were females compared with 40% males. 22 Since that study consisted of people who voluntarily sought care for their symptoms (similar to our study), the data may reflect differences in health-seeking behavior among females and males. On the other hand, higher CHIKV infection rates were reported in Kerala, India. This is believed to be due to high occupational risk among males engaged in plantation activities where they are exposed to bites from infected vectors. 23 The difference in number of cases in the age groups that we found in the study may not indicate vulnerability of the group but may just reflect the population structure in Jamaica which has ~50% in the 15-45 age group. 24 Clinical symptoms presented in our patients are consistent with those reported by the CDC. Arthralgia (joint pain) is the most common symptom in CHIKV with the frequency usually ranging from 71% to 100% and is usually symmetric (Pan American Health Organization [PAHO]); headache, skin manifestation (rash), asthenia (fatigue), back pain, myalgia (muscle pain), nausea, and vomiting are other common symptoms. Fever was present in 100% of cases as it was a defining symptom for CHIKV. Back pain was found to occur at higher frequency in older age groups and is one of the chronic problems lasting after recovering from the illness. Regarding number of symptoms, the highest percentage of cases with 9-10 symptoms was found in the infant group (<2 years). This may indicate severe disease in this group, which is consistent with the CDC statement that newborn and elderly (≥65 years) are at risk for more severe disease. However, there were only 18 cases aged <2 years in our study; thus, a larger sample size would be necessary for a more meaningful conclusion. The fact that no differences in number of symptoms among cases were found among parishes and type of health facilities may reflect the consistency in symptom diagnosis across different parishes in Western Jamaica.
Before adjusting for age, sex, and other pre-existing conditions, those with CVD or diabetes were more likely to have back pain and periarticular edema compared with those without CVD or diabetes, but after adjusting for age, sex, and pre-existing conditions, no statistical significance was detected. This means that these factors are not distributed evenly between the two groups and are confounding for the association. In fact, in our study, we did find an association between age and pre-existing condition (CVD, diabetes, p value <0.0001), as well as between age and back pain (p value <0.0001), and between age and periarticular edema (p value=0.04). For those with arthritis, on the other hand, even after adjusting for age, sex, and other pre-existing conditions, we still found significant associations with specific symptoms. Those with arthritis were more likely to have headache, asthenia, back pain, nausea, and periarticular edema but less likely to have arthralgia than those without arthritis. The reason may be that these people who already had arthritis may have been taking medication rendering the arthralgia non-evident. Further studies should focus on disease outcomes with Chikungunya. For example, trying to identify factors associated with severe outcomes such as long-lasting arthralgia may identify a way to control this outcome.
Although the number of symptoms and the appearance of a specific symptom may not accurately indicate the severity of the disease, the differences we found among age groups and between those with and without pre-existing conditions would suggest that there should be special precautions for people in these specific groups, such as those with arthritis, infants, and older people. For example, using insect repellent, wearing long sleeve shirts and pants, and sleeping under a mosquito bed-net to protect them from mosquito bites should be recommended. Also, once identified with the disease, these patients may need to receive close care from doctors.
Since effective control of mosquito vectors is difficult, the most effective means of controlling the spread of CHIKV and other similar vector-borne viruses would be by vaccination. Although there are no licensed CHIKV vaccines, several vaccine candidates that have been shown to be immunogenic and generally well tolerated are currently in preclinical and clinical development. 3 A live-attenuated CHIKV vaccine candidate developed by the U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID) and tested in phase 2 trial was not developed further due to fear of reversion to the harmful virus. 25 A CHIKV virus-like particle (VLP) vaccine developed by the National Institute of Allergy and Infectious Diseases (NIAID), USA, is currently in phase 2 clinical trial, and a measles vector CHIKV vaccine developed by Themis Bioscience GmbH/Institut Pasteur is slated for phase 2 trials in 2016. 26, 27 In low-and middle-income countries (LMIC) such as Jamaica where CHIKV has now become endemic, a licensed CHIKV vaccine would be useful during an outbreak, in vaccination campaigns, or as part of the standard immunization schedule. A single-dose vaccine would be more appropriate for use in an outbreak or in vaccination campaigns. Our study findings of higher number of symptoms in infants and of significantly more pain in older adults indicate that an effective and safe CHIKV vaccine would be most useful in the pediatric and adult populations in Jamaica, especially in adults with arthritis and other pre-existing health conditions.
Limitations
This study has certain limitations which should be considered in interpreting the data. First, the study sample consists only of cases who sought health care for their symptoms and may over represent CHIKV cases who had more severe disease or those who sought health care more quickly. Second, the analysis was conducted on clinically diagnosed CHIKV cases which were not confirmed due to lack of resources for CHIKV confirmatory tests. Data on disease outcome were not available, so disease severity or other health outcome such as mortality could not be accurately evaluated. Information about environmental conditions such as type of agriculture, water schemes, settlements, and garbage collection systems that contribute to breeding of mosquitoes is not available so we have not been able to identify possible environmental factors associated with disease occurrence.
Conclusion
Our retrospective cross-sectional study demonstrated a propagated spread of CHIKV fever during the outbreak period from July 2014 to December 2014 in Western Jamaica with the peak at the end of October. Main urban cities, such as Montego Bay and Lucea, were identified as having high number of cases. Clinical symptoms of the disease were also described in our study with the most common symptoms being fever and arthralgia. Although a majority of infants aged <2 years had up to four symptoms (80%), the percentage of infants with higher numbers of symptoms (9-10) was higher than in older age groups. On the other hand, back pain was found to occur significantly more in older patients.
Those with arthritis as a pre-existing condition were more likely to have a headache, asthenia, back pain, and periarticular edema. These findings can help public health officials develop an effective program to prevent the spread of outbreaks by focusing on crowded urban cities. Special groups in the population that are more likely to develop more severe disease such as young infants and people with pre-existing conditions such as arthritis should be more closely monitored to better manage disease outcome. Percentage of CHIKV cases in four parishes. Abbreviation: CHIKV, Chikungunya virus. Table 2 Frequency and percentage of CHIKV symptoms across age groups Table 3 Number of symptom across age group, parishes, and type of health care system Table 4 The likelihood of having CHIKV symptoms according to pre-existing conditions Notes: AOR: odds ratio adjusted for age, sex, and other pre-existing conditions; OR, odds of having a specific symptom among those with CVD or DM or ARTH/odds of having a specific symptom among those without CVD or DM or ARTH; OR and AOR were calculated using logistic regression models. Bold values indicate statistical significance. Abbreviations: AOR, adjusted odds ratio; ARTH, arthritis; CI, confidence interval; CHIKV, Chikungunya virus; CVD, cardiovascular disease; DM, diabetes mellitus; OR, odds ratio.
